



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T371A	 Yes	 100%	 Penicillin	 (Smith	and	Klugman,	
1998)	
I393M	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
H395N	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
E397I	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
N405S	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
P432T	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
I459M	 Yes	 100%	 Penicillin	 (du	Plessis	et	al.,	1999)	
S462A	 Yes	 100%	 Penicillin	 (du	Plessis	et	al.,	1999)	
T574N	 Yes	 100%	 Penicillin	 (Smith	and	Klugman,	
1998)	






F577Y	 Yes	 100%	 Penicillin	 (Smith	and	Klugman,	
1998)	
L583M	 No	 100%	 Penicillin	 (Smith	and	Klugman,	
1998)	
A585V	 No	 100%	 Penicillin	 (Smith	and	Klugman,	
1998)	




































Q281L	 Yes	 100%(1	isolate)	 Penicillin	 (Q281P)	(Fani	et	al.,	2011)	
T338A	 Yes	 100%(1	isolate)	 Penicillin	 (Zerfass	et	al.,	2009)	




R384G	 Yes	 100%(1	isolate)	 Penicillin,	
cephalosporins	
(Carapito	et	al.,	2006)	
S389L	 Yes	 100%(1	isolate)	 Penicillin	 (Dessen	et	al.,	2001)	
N417K	 No	 100%	 Penicillin	 (Granger	et	al.,	2005)	
I462L	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
A491V	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
D506E	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
N514H	 Yes	 100%(1	isolate)	 Penicillin,	
cephalosporin	
(Dessen	et	al.,	2001)	
V516I	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
V523L	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
S531Y	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
T536I	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
L546V	 Yes	 100%(1	isolate)	 Penicillin	 (Ho	et	al.,	2004)	
L565S	 No	 99%	(2	isolates)	 Penicillin,	
cephalosporin	
(Chi	et	al.,	2007)	
D567N	 Yes	 100%	 Penicillin,	
cephalosporin	
(Carapito	et	al.,	2006)	
N605T	 Yes	 100%	 	 (Sadowy	et	al.,	2010b)	
L710F	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	
Q721E	 No	 100%	 Penicillin,	
cephalosporin	
(Pernot	et	al.,	2004)	








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T446A	 232	 65	 22	 P=0.0001	 Penicillins	 (Pagliero	et	
al.,	2004)	
































































































































































































































































































127	 580	 7	 67	 2502	
murF	 81.53	
(2dp)	
63	 233	 18	 34	 1374	
murM	 0	 0	 0	 0	 0	 1221	
pbp1a	 114.91	
(2dp)	
102	 635	 10	 49	 2160	
pbp2a	 0	 0	 0	 0	 0	 2196	
pbp2b	 150.4	 28.5	 361	 6	 30	 2043	
pbp2x	 131.89	
(2dp)	
107	 499	 4	 103	 2253	





















































































Gene	 S.	mitis	 S.	oralis	 S.	pneumoniae	 Total	in	gene	
ddla	 1	 1	 0	 2	
leuS	 12	 2	 44	 58	
murF	 1	 1	 32	 34	
pbp1a	 5	 3	 40	 48	
pbp1b	 0	 0	 1	 1	
pbp2b	 2	 0	 27	 29	
pbp2x	 10	 2	 93	 105	


















































pbp2x	 923_1179	 R384G,	T338A		 S.	pneumoniae	
pbp2x	 923_1296	 S389L,	T338A,	R384G	 S.	pneumoniae	
pbp2x	 1076_1181	 R384G	 S.	pneumoniae	
pbp2x	 1076_1185	 R384G	 S.	pneumoniae	
pbp2x	 1124_1167	 R384G	 S.	pneumoniae	
pbp2x	 1124_1272	 R384G	 S.	pneumoniae	
pbp2x	 1127_1425	 R384G	 S.	pneumoniae	
pbp2x	 1491_1540	 N514H	 S.	pneumoniae	
pbp2x	 1493_1568	 N514H	 S.	mitis	
pbp2x	 1520_1779	 Q552E,	D567N,	N514H	 S.	pneumoniae	
pbp2x	 1523_1779	 Q552E,	D567N,	N514H	 S.	pneumoniae	
pbp2x	 1526_1568	 N514H	 S.	pneumoniae	
pbp2x	 1539_1623	 N514H	 S.	pneumoniae	
pbp2x	 1545_1689	 V516I,	Q552E	 S.	pneumoniae	
pbp2x	 1619_1767	 Q552E,	D567N	 S.	pneumoniae	
pbp2x	 1649_1773	 Q552E,	D567N	 S.	pneumoniae	
pbp2x	 1649_1812	 Q552E,	D567N	 S.	pneumoniae	
pbp2x	 1649_1950	 Q552E,	D567N	 S.	pneumoniae	
pbp2x	 1652_1699	 Q552E,	D567N	 S.	pneumoniae	
pbp2x	 1712_2121	 N605T	 S.	pneumoniae	
pbp2x	 1793_1897	 N605T	 S.	pneumoniae	
pbp2b	 432_745	 E476G,	T446A	 S.	pneumoniae	
pbp2b	 672_871	 T426K,	Q427L	 S.	pneumoniae	
pbp2b	 579_844	 E476G,	T446A,	T426K,	Q427L	 S.	pneumoniae	
pbp1a	 236_871	 S462A,	F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 265_631	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 306_550	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 315_505	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 360_505	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 360_769	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 366_550	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 375_562	 F577Y,	Q576G,	S575T,	A585V,	T574N,	L583M	 S.	pneumoniae	
pbp1a	 579_877	 S462A,	P432T,	E397I,	I459M	 S.	mitis	
pbp1a	 732_826	 S462A,	I459M	 S.	pneumoniae	
pbp1a	 735_877	 S462A,	P432T	 S.	pneumoniae	
pbp1a	 792_877	 P432T	 S.	pneumoniae	
pbp1a	 801_982	 P432T	 S.	pneumoniae	
pbp1a	 1002_1171	 T371A	 S.	pneumoniae	









































































































































































































































































































































































Strain	 Origin	 Serotype	 Source	 MLST	
A42174	 Blantyre,	Malawi	 1	 Blood	 217	
0100993	 London,	UK	 3	 Blood	 180	











































































● ● ● ● ●
● ● ● ●



















































































































































































SPN034156	 3	 94.53697808	 51.60064449	
SPN034183	 3	 99.07489759	 99.13506683	
SPN994038	 3	 99.55134463	 99.61434252	
SPN994039	 3	 99.5464366	 99.60861623	



















































































































SPN034156	 3	 58.73421856	 54.1980321	
SPN034183	 3	 87.01074845	 94.55501942	
SPN994038	 3	 87.46465632	 94.56186423	
SPN994039	 3	 87.42575917	 94.55795129	

































































































































Unknown	 pstI	 SCV1	 Deletion	 108	
Non-synonymous	 CCP30406.1	 SCV2	 SNP	 1	
Synonynmous	(in	
pseudogene)	




Non-synonymous	 ccpA	 SCV1	 SNP	 1	
Synonymous	 n/a	 SCV1,	SCV2	 SNP	 1	














in	ABACAs	 Serotype	 control	1	(%mapped)	 control	2	(%	mapped)	
P1031	 1	 91.27929084	 94.3237561	
INV104	 1	 58.81299198	 44.83746205	
SPN032672	 1	 66.8277789	 52.70406969	
SPN033038	 1	 66.77982063	 52.63994047	
PCS8235	 1	 49.30670806	 23.86122655	








































Non-synonymous	 wchB	 SCV1,	SCV2	 STOP	 1	





























































































2859	 Germany	 23F	 PMEN1	
13804	 Germany	 23F	 PMEN1	
Kor910	 Korea	 23F	 PMEN1	
SA146	 South	Africa	 23F	 PMEN1	
Ma28	 Turkey	 23F	 PMEN1	















































































































































































































































































































































































































































































































































































































































































































































































PMEN1	 Global	 241	 81	 23F	 Spain23F-1	 Multidrug	
resistant	
1984-2009	
PMEN2	 Global	 81	 90	 6B	 Spain6B-2	 Multidrug	
resistant	
1987-2009	
PMEN14	 Global	 53	 236	 19F	 Taiwan19F-14	 Multidrug	
resistant	
1997-2009	
14	ST63	 Maela	 66	 63	 14	 N/A	 Low	 2008-2010	
19F	
ST236	







Maela	 245	 4414	 19F	 N/A	 Low	 2008-2010	
23F	
ST802	
Maela	 128	 802	 23F	 N/A	 Low	 2008-2010	
23F	
ST4413	
Maela	 83	 4413	 23F	 N/A	 Low	 2008-2010	








































23F	ST802	 Own	reference	 75	 97.61	(2dp)	



























Recombination	 382	 140	 170	 105	 76	 80	 46	 13	 16	
Recombination	
repairs	
3	 1	 1	 2	 2	 0	 3	 1	 1	
Non-self	repairs	 10	 3	 3	 4	 3	 0	 5	 2	 3	
Insertions	 49	 48	 39	 62	 37	 49	 91	 53	 34	
Repairs	 19	 24	 17	 58	 78	 64	 110	 89	 20	
Self	repairs	 61	 70	 54	 118	 114	 113	 199	 141	 52	











































































































































































































Count	of	“A”	 Count	of	“T”	 Count	of	“G”	 Count	of	“C”	 	






Count	of	“A”	 Count	of	“T”	 Count	of	“G”	 Count	of	“C”	 	
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in	 skim	 milk-tryptone-glucose-glycerin	 (STGG)	 transport	 medium.	 The	 STGG	
transport	media	 production	 is	 based	 on	 the	 formula	 described	 by	Gibson	 and	
KhouryG1,G2.	
If	the	laboratory	receive	a	complete	swab	the	tip	should	be	cut	off	into	a	vial	of	
STGG	 media	 and	 left	 to	 stand	 for	 approximately	 15	 minutes	 after	 which	 the	
sample	can	be	treated	as	if	it	had	been	delivered	already	in	STGG.		




WHO	 method	 and	 may	 be	 required	 if	 growth	 of	 contaminant	 from	 pernasal	
swabs	proves	heavy.	 Incubation	of	 the	plate	should	take	place	at	35οC	 in	3%	to	
10%	CO2	overnight.	





inhibition	 greater	 than	 14	 mm	 indicate	 susceptibility,	 7-13	 mm	 are	
indeterminate	and	less	than	7	mm	is	resistant	to	optochin	when	a	6	mm	size	disc	
is	 used	 and	 the	 culture	 is	 incubated	 in	 5%	 CO2.	 	 Isolates,	 which	 are	 optochin	










should	 be	 tested	 for	 bile	 solubility.	 	 Those	 that	 are	 optochin	 resistant	 are	
considered	to	be	a	species	other	than	pneumococcus,	however,	a	small	number	
of	 pneumococci	may	 be	 optochin	 resistant.	 	 Serotype	 and	 store	 pneumococcal	
strains	as	noted	below.	




H1N1 Screening Time Point 0 (T0) – Clinical Diagnostic 
Sampling SOP  
	
Important  
• Verbal (as opposed to written) consent is required; this can be stated to 
either the clinician or the H1N1 researcher  
 
• Consent to undergo clinical diagnostic sampling does not represent 
consent to participate in the H1N1 study, even when the sampling is 
performed by a H1N1 researcher  
 
• The T0 diagnostic sample is ideally taken by a trained H1N1 researcher 
to encourage standardisation in sampling  
 
Sampling methods  









• 10 CH black-tip Argyle suction catheter  
• Suction trap pack with container lid  
• Connector tubing to connect suction trap to wall suction  
• 5 ml plastic vial of sterile 0.9% saline  
• 5 ml disposable plastic syringe  
• Disposable Pasteur pipette  





PPE and infection control requirements  
According to QECH guidelines. At the time of writing, the operator should 
wear:  
• disposable gloves  
• plastic gown  
• face mask 
• eye protection  
 
Method  
1. Explain to the patient/child and/or parent/guardian that NPA is not a 
painful sampling procedure but that it can cause some mild nasal 
irritation (e.g. tickling sensation, feeling of wanting to sneeze and eye 
watering).  
 
2. Using gloved hands, remove the suction trap from its packaging and 
attach the suction trap to suction canister of the portable suction using 
an appropriate length of plastic connector tubing connected to the 





3. Open the end of the suction catheter tubing nearest to the black 
suction control on the catheter, keeping the catheter within its 
packaging until ready for use. Attach the black end of the catheter to 
the remaining port on the suction trap.  
 
4. Remove the top of the vial of the sterile saline and place upright on a 
surface within easy reach. Remove and discard 2ml normal saline 
using a disposable sterile 5 ml syringe.  
 
5. With the patient either sitting upright or with on a trolley with the back 
positioned at around 45°, tilt the patient’s head back slightly  
 
6. Switch on wall suction to 13 kPa (100 mmHg) and maintaining an 




7. Without applying suction, insert the catheter into the patient’s LEFT 
nostril to reach the posterior nasopharynx, approximately half way 






















8. Apply suction by occluding the hole in the black end of the suction 
catheter and then withdraw the catheter over 5 seconds whilst rotating 
your wrist. Keep the suction trap upright during this procedure. 
Release suction when the catheter has been removed from the 
patient’s nose.  
 
9. Examine the catheter and trap to look for secretions coating the inside 
of the catheter and trap. If no secretions are seen, attempt to repeat 
the procedure.  
 
10. Place the tip of the catheter in the vial of saline, apply suction and 
aspirate the entire contents (3ml) into the trap. Release suction and 
turn off the wall suction.  
 
11. Unscrew the top (port lid) of the suction trap, remove the screw-cap 




12. Dispose of the catheter, suction tubing and sputum trap port lid in the 
clinical waste bin.  
 
13. Label the pot with the appropriate H1N1 SPINE patient identifying 
details/pre-printed SPINE label and place in a specimen bag. 
 
14. Deliver the specimen to the diagnostic laboratory reception.  
 
15. Record the patient’s details and current/planned location within the 
hospital. 
 
16.  Document in the patient’s clinical notes the time and date of sampling.  
 
Alternative sampling procedure for those unable to tolerate 
aspirate collection:  
Flocked nasopharyngeal swab  
Sampling Procedure: Flocked nasopharyngeal swab sampling  
1. Inform the patient and/or parent/guardian that you are going to perform 
NP swab sampling by inserting 3 small swabs into the back of the 
nose.  
 
2.  Inform the patient and/or parent/guardian that although uncomfortable, 
the procedure should not be painful. The most common side effect is 
nasal irritation and watering eyes; both side-effects are very short lived.  
 
3. Sit the patient upright with their head tilted back slightly, or if on a 
trolley/bed, sit the patient at 45 degrees with their head resting on the 
trolley/bed.  
 
4. Equipment: Flocked nylon nasopharyngeal swab, 2x 1ml pot of 
universal transport medium (UTM) and one cryotube of STGG. 
Check expiry date prior to use.  
 
 
Note that the UTM may have a green screw cap  
  
5. Wearing personal protective equipment (PPE), remove the swab from 
its packaging, instruct the patient to close their eyes (to minimise 
discomfort) and gently insert the swab into the LEFT nostril, 
advancing the swab along the floor of the nasal passage until the 
resistance is felt at the posterior wall of the nasopharynx. This should 
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be approximately half the length of an imaginary line drawn from ear 
lobe.  
6. Rotate the swab 360° three times and then remove the swab, placing it 
in the pot of universal transport medium (UTM), snapping off the tip 
























7. Replace the lid on the UTM pot and discard the swab handle in a 




8. Label the pot with the appropriate H1N1 SPINE patient identifying 
details/pre-printed SPINE label and place in a specimen bag for 
delivery to MLW EVERY hour  
 
9. Repeat steps 5-8 remembering to placing the second swab into UTM 
and the third swab into the STGG cryotube.  
 
10. Deliver the specimen to the diagnostic laboratory reception.  
 
11. Record the patient’s details and current/planned location within the 
hospital.  
 





of	 ingredients	 should	 be	 standardised	 for	 a	 given	 study	 whenever	
possible.	
Oxoid	tryptone	soya	broth	(CM	129)	 	 	 3.0	g	
Glucose	 	 	 	 0.5	g	
Oxoid	skim	milk	powder	(CM	L31)	 	 	 2.0	g	
Glycerol	 	 	 	 10.0	mL	
Double	distilled	water	 	 	 	 100.0	mL	
	
Dispense	 in	 0.5	 to	 1.0	mL	 amounts	 in	 Nunc	 or	 Nalgene	 cryotubes	 and	
autoclave	at	15	lb	for	no	more	than	10	minutes.	Tighten	the	 lids	before	
storage.	 	The	tubes	may	then	be	stored	refrigerated	(4-6	 οC)	or	at	room	























































Gene	 Amox	 Amp	 Pe	 Cefo	 Cefta	 Ceftri	 Unique	
alsS	 1	 1	 		 		 		 		 1	
aroA	 2	 		 		 		 		 		 2	
aroB	 2	 		 7	 		 		 		 9	
aroF	 		 		 4	 		 		 		 4	
asnA	 1	 		 		 		 		 		 1	
cbpD	 3	 		 1	 		 		 		 4	
clpC	 1	 		 		 		 		 		 1	
ddlA	 10	 4	 		 		 		 		 10	
ddlA	
promoter	 8	 8	 		 		 		 		 8	
fsaA	 4	 6	 		 		 		 		 6	
ftsH	 		 		 1	 		 		 		 1	
ftsL	 1	 		 		 		 		 		 1	
fus	 1	 1	 		 		 		 		 1	
gldA	 3	 4	 		 		 		 		 4	
gpmA	 		 		 1	 		 		 		 1	
guaA	 		 1	 1	 		 		 		 1	
htrA	 		 		 1	 		 		 		 1	
ileS	 		 		 9	 		 		 		 9	
leuS	 21	 21	 		 		 		 		 21	
mraW	 1	 		 		 		 		 		 1	
murF	 11	 4	 		 		 		 		 11	
nanB	 		 3	 3	 		 		 		 3	
pbp2B	 12	 10	 		 		 		 		 14	
pbp2X	 1	 		 		 2	 4	 		 7	
pflD	 3	 3	 		 		 		 		 3	
plr	 		 		 1	 		 		 		 1	
plsX	 		 		 3	 		 		 		 3	
pth	 		 		 		 		 1	 		 1	
purF	 1	 		 		 		 		 		 1	
recR	 5	 2	 		 		 		 		 5	
scaR	 2	 		 		 		 		 		 2	
SPN23F0004
0	 1	 		 		 		 		 		 1	
SPN23F0008
0	 1	 		 		 		 		 		 1	
SPN23F0053
0	 		 		 1	 		 		 		 1	
SPN23F0079
0	 4	 		 		 		 		 		 4	
SPN23F0141
0	 1	 		 		 		 		 		 1	
SPN23F0144
0	 		 		 1	 		 		 		 1	
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Gene	 Amox	 Amp	 Pe	 Cefo	 Cefta	 Ceftri	 Unique	
SPN23F0146
0	 3	 		 		 		 		 		 3	
SPN23F0147
1	 1	 		 		 		 		 		 1	
SPN23F0149
0	 		 		 1	 		 		 		 1	
SPN23F0151
0	 		 		 1	 		 		 		 1	
SPN23F0152
0	 5	 		 		 		 		 		 5	
SPN23F0153
0	 1	 		 5	 		 		 		 6	
SPN23F0154
0	 		 		 8	 		 		 		 8	
SPN23F0340
0	 		 		 		 		 		 1	 1	
SPN23F0550
0	 		 1	 		 		 		 		 1	
SPN23F0561
0	 1	 		 		 		 		 		 1	
SPN23F0697
0	 1	 		 		 		 		 		 1	
SPN23F0711
0	 		 1	 		 		 		 		 1	
SPN23F0724
0	 1	 		 3	 		 		 		 4	
SPN23F0878
0	 		 		 1	 		 		 		 1	
SPN23F1006
0	 		 		 1	 		 		 		 1	
SPN23F1037
0	 5	 6	 		 		 		 		 6	
SPN23F1135
0	 1	 		 		 		 		 		 1	
SPN23F1146
0	 1	 		 		 		 		 		 1	
SPN23F1338
0	 		 		 1	 		 		 		 1	
SPN23F1411
0	 		 1	 1	 		 		 		 1	
SPN23F1412
0	 		 		 2	 		 		 		 2	
SPN23F1567
0	 1	 		 		 		 		 		 1	
SPN23F1654
0	 1	 		 		 		 		 		 		
SPN23F1656
0	 		 		 7	 		 		 		 7	
SPN23F1659
0	 		 		 4	 		 		 		 4	
SPN23F2032
0	 		 		 2	 		 		 		 2	
SPN23F2034
0	 1	 		 		 		 		 		 1	
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Gene	 Amox	 Amp	 Pe	 Cefo	 Cefta	 Ceftri	 Unique	
SPN23F2035
0	 1	 		 		 		 		 		 1	
SPN23F2038
0	 1	 		 		 		 		 		 1	
SPN23F2063
0	 1	 		 		 		 		 		 1	
SPN23F2118
0	 1	 		 		 		 		 		 1	
SPN23F2152
0	 		 		 1	 		 		 		 1	
SPN23F2162
0	 		 		 1	 		 		 		 1	
SPN23F2226
0	 1	 		 		 		 		 		 1	
SPN23F2238
0	 2	 		 1	 		 		 		 3	
SPN23F2239
0	 1	 		 		 		 		 		 1	
T-box	leader	 		 		 1	 		 		 		 1	
thrS	 		 		 1	 		 		 		 1	
treA	 		 		 1	 		 		 		 1	
tyrA	 1	 		 		 		 		 		 1	
intergenic	 31	 12	 17	 		 		 		 48	
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10.10	Insertion	size	distribution	
	
Figure	83:	Size	distributions	of	repairs	and	deletions.	
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10.11	Raw	simulation	data	
	
	
	
	
